Objective. To estimate the incidence of and survival rates for WG, microscopic polyangiitis (MPA), Churg-Strauss syndrome (CSS) and PAN within a defined population in southern Sweden. Methods. Cases were retrieved using hospital records and a serology database. All new cases of WG, MPA, CSS and PAN between 1997 and 2006 were included, provided they met pre-defined criteria, and were followed until 30 June 2008. The study area comprised two health care districts with a total population of 641 000. The standardized mortality ratio (SMR) was estimated using Swedish population data as a reference. Results. A total of 140 (WG, 63; MPA 65; CSS 6; and PAN 6) cases (52% women) with a median age of 67.6 (range 20-96) years fulfilled the inclusion criteria. The annual incidence per million of the population (95% CI) was estimated to be 9.8 (7.4-12.2) for WG, 10.1 (7.7-12.6) for MPA and 0.9 (0-1.7) for both CSS and PAN. The highest incidence was found in patients aged 575 years (79.1/million). The 1-and 5-year survival rates were 87.8 and 71.6% for all patients, but lower for MPA (80 and 55%) compared with WG (95 and 83%; P ¼ 0.001), although the difference was not significant in the multivariate analysis. The SMR was 2.77 (95% CI 2.02, 3.71) for all patients. Conclusions. The incidence of WG and MPA was equal in our district, but there was a difference in survival rates related to age and renal function. A progressive increase in age-specific incidence rates was observed.
Introduction
Primary systemic vasculitides [PSV: WG, microscopic polyangiitis (MPA), Churg-Strauss syndrome (CSS) and PAN] are rare systemic diseases characterized by inflammation of blood vessels resulting in different degrees of organ dysfunction; if untreated, they are associated with high morbidity and mortality rates [1] . ANCAs are common in WG, MPA and CSS, and the diseases are collectively referred to as ANCA-associated systemic vasculitis (AASV). PAN is a disease in which vasculitis is limited to medium-sized and small arteries, without evidence of glomerulonephritis, and is not associated with ANCA.
The aetiology of PSV is unknown, although a significant association has been found with farming and exposure to silica, indicating that environmental factors play a role [2] . Long-term population-based incidence estimates are important for comparing incidence rates between different regions of the world with varying exposure to presumed aetiological factors. Over the last decade, a number of studies have been published on the subject of the epidemiology of PSV in Europe, New Zealand and Australia [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] . Compared with older studies, nearly all of them exhibit increased incidence and prevalence rates of PSV, findings explained by many authors as due to greater awareness of PSV as well as wider availability of ANCA analysis [14, 15] . Furthermore, the European studies have demonstrated a geographical variation along a north-south axis, with a higher frequency of WG in the north and more MPA in the south [16] . However, discrepancies between studies can also be the result of the different methodologies used to identify patients with PSV, ensure case completeness, diagnose systemic vasculitis or assign individual patients to separate disease categories. Many of the studies refer to either the ACR classification criteria 1990 [17] or the Chapel Hill Consensus Conference (CHCC) on disease definitions [18] . However, neither of these documents contain diagnostic criteria suitable for epidemiological studies, forcing researchers to develop their own adaptations. An algorithm for the classification of PSV in epidemiological studies has recently been published, developed with the support of the European Medicine Agency (EMEA) [19] . We applied the EMEA algorithm in a point prevalence study [10] and found it to be robust and predictable.
Most studies of survival among patients with PSV are based on either cohort studies from large tertiary referral centres or clinical multicentre studies [20] [21] [22] [23] [24] . Both types of study are associated with a substantial risk of sampling bias. Clinical studies always contain exclusion criteria that frequently limit access to elderly persons and other patients with poor prognosis, and such patients are less likely to be sent to referral clinics.
In the prevalence study mentioned above [10] , we used a variety of retrieval sources, and capture-recapture analysis revealed that we achieved a case completeness of 96%. We also demonstrated that if we had used the three best retrieval sources, we would have identified 93% of the prevalent cases, missing very few with a recent diagnosis. Using this simplified retrieval method and the EMEA classification algorithm, we performed a 10-year incidence study of WG, MPA, CSS and PAN in a well-defined stable population in southern Sweden. The aims of the present study were to estimate the annual incidence rates of WG, MPA, CSS and PAN, and to investigate survival rates of these diseases within a defined geographical area.
14 municipalities with a total area of 3294 km 2 (0.8% of the total area of Sweden). The population of the area at the beginning of the study period in 1997 was 616 287, which increased to 667 240 by 31 December 2006 [25] . The population density in the study area was 202/km 2 compared with 22 for the country as a whole. The denominator population used in the incidence estimates was the mean of the population during the study period (641 759), which represented 7% of the total population of Sweden. Women made up 50.4% of the study population, and the age distribution was as follows: 0-14 years, 18.8%; 15-54 years, 54.6%; and >55 years, 26.6% [25] .
The study area is located in the middle and south-west of Scania (Swedish: Ska˚ne) the southernmost county of Sweden. Over 90% of the population lives in cities. In Scania, agricultural land constitutes 49.4% of the area compared with only 7.9% for the whole of Sweden. About 57.2% of employees work within the trade, health care, mining, manufacturing and energy supply sectors. Only 2.5% of labour force is employed in the areas of agriculture, forestry, hunting and fishing.
Case retrieval
Searches were made in clinical databases at the Departments of Nephrology and Rheumatology at the University Hospitals of Lund and Malmo¨and the Department of Internal Medicine at the Hospitals of Landskrona and Trelleborg using the International Classification of Diseases (ICD-10), codes M300-M320. In addition, the database of the Wieslab AB private laboratory in Lund was searched for positive analysis of PR3 and MPO ANCA. The patients included in the study were all newly diagnosed cases, who fulfilled the study criteria of WG, MPA, CSS and PAN, and were resident in the area at the time of diagnosis between 1 January 1997 and 31 December 2006.
Classification
All available medical records of retrieved patients living in the study area at the time of diagnosis were thoroughly reviewed in order to establish a diagnosis of vasculitis and subsequently for classification into the four disease categories studied. The EMEA algorithm described by Watts et al. [19] was applied stepwise to all patients. The algorithm is based on the ACR classification criteria for CSS, WG and PAN [26] [27] [28] , as well as the CHCC on the nomenclature of vasculitis [18] . The case identification, review of case records and data collection were carried out by the first author (A.J.M.). In borderline cases and when classification difficulties arose, consensus was reached between two of us (A.J.M. and M.S.).
Data collection
Data from case records were collected from the time of diagnosis, including demographics, diagnosis delay (time in months from the first symptoms of vasculitis to diagnosis), blood pressure, relevant laboratory and serology data as well as the results of histopathology and radiology investigations. Patients were followed up from the time of diagnosis until 30 June 2008 or death using the Swedish census data (www.skatteverket.se). Both the date of diagnosis and first symptom attributed to vasculitis were registered in order to take account of seasonal variation. The seasons were defined as follows: winter (December-February), spring (March-May), summer (June-August) and autumn (SeptemberNovember). The study was divided into two 5-year periods (1997-2001 and 2002-06) , in order to identify possible changes in incidence rates. Population density was calculated for each municipality in order to study possible differences in incidence rates.
Statistical analysis
Statistical analysis was performed using Statistical Package for the Social Sciences, SPSS 12.0.1 for Windows (SPSS, Chicago, IL, USA). The differences between groups were compared by means of the non-parametric Mann-Whitney U-test and chi-square ( 2 ) test where appropriate. The P-value of <0.05 is considered to be statistically significant. The Kaplan-Meier method was employed to estimate survival rates. The expected number of deaths was calculated by multiplying sex-, age-and calendar period-specific person-years of follow-up with corresponding rates for the entire Swedish population. The standardized mortality ratio (SMR) was obtained by dividing the observed number of deaths by the expected number. Assuming a Poisson distribution of the observed cases, 95% CIs were calculated. The following factors were investigated in a univariate analysis as potential predictors of reduced survival: age, gender, serum creatinine (s-crea), ear-nosethroat (ENT) involvement, blood pressure, diagnosis WG and ANCA specificities. Cox regression was used in the analysis and all potential predictors were adjusted for age. A multivariate analysis was performed on variables with a statistically significant P-value in the univariate analysis. Data are presented as median and range if not otherwise stated. The study was approved by the local Ethics Committee at the Faculty of Medicine, Lund University (LU 283-02).
Results
One hundred and forty patients (women 73; 52%) in our study area were diagnosed with PSV between 1 January 1997 and 31 December 2006. The median age at diagnosis was 67.6 (20-92) years for all patients ( Table 1 ). The patients were classified as follows: WG, 63; MPA, 65; CSS, 6; and PAN, 6. The classification of PSV in this study and the effect of EMEA algorithm on our results are shown in Table 2 . No case was left unclassified by the algorithm. The diagnosis of PSV was made within 2 months of the first symptoms in 82 (59%) patients and after >6 months in 24 (17%) patients. The median time of diagnosis delay was 2 (range 0-96) months. A diagnosis of vasculitis was supported by histopathology in 109 (78%) cases and by angiography in 3 (2%) cases. In the remaining 28 (20%) cases, the diagnosis was made on the basis of typical clinical symptoms of vasculitis in conjunction with a positive ANCA test and/or surrogate markers for granulomatous disease or renal vasculitis. In patients with AASV (n ¼ 134), 123 (92%) tested positive for ANCA at time of diagnosis, 67 (55%) tested positive for either PR3 or cytoplasmic ANCA (c-ANCA) and 56 (45%) tested positive for either MPO or perinuclear ANCA (p-ANCA). a Total population 641 763.
Incidence rates
The annual incidence rates per million of the population were estimated to be 9. for AASV. Age-specific incidence rates revealed a clear increase with age ( Fig. 1) . The highest incidence rate was in the 575-year age group, 79.1/million (95% CI 55.2, 103.0). Overall, there was no difference in the sex-specific incidence rates, although the incidence in the 35-to 54-year age group was higher in women (23.5 vs 6.9 for men; P ¼ 0.005), and the reverse was true for 575-year age group (117.4/million vs 56.7 for women; P ¼ 0.016). We could not find any statistically significant differences in incidence rates between the various municipalities in terms of population densities (data not shown).
Temporal variations
The annual incidence rate during the first 5 years of the study was 24 (95% CI 18. 
Survival
Forty-five patients (25 men) died during the follow-up period, which lasted until 30 June 2008 (no patient was lost to follow-up).
The median time of follow-up was 59 (range 1-133) months; the median time to death was 19 (range 1-110) months. Nine patients (20% of deaths) died within 3 months of diagnosis. For all patients, absolute survival rates were 87.8% at 1 year, 71.6% at 5 years and 55% at 10 years ( Fig. 2A) . Survival was worse for patients with MPA compared with those with WG (P ¼ 0.001) (Fig. 2B) . There was no difference in survival rates of patients with different ANCA specificities (P ¼ 0.232) (Fig. 2C) .
The survival rate for all PSV patients deteriorated with increasing age (P < 0.001) (Fig. 2D ). Higher mortality was also significantly associated with increased s-crea level (Table 3) . ENT involvement and a diagnosis of WG were associated with increased survival, but when a multivariate analysis was applied, this effect was no longer significant. When studying patients with WG, no significant benefit of ENT involvement was observed. There was no statistically significant difference in the survival rate between male and female patients ( (Table 4) .
WG
A total of 63 patients (30 women) were classified as WG, which represents an annual incidence rate of 9.8/million inhabitants (95% CI 7.4, 12.2). When using only the ACR WG 1990 criteria for classification, the incidence of WG (51 patients) was 7.9/million (95% CI 5.8, 10.1) ( Table 2 ). The major reason for failure to fulfil the ACR criteria was that the disease was limited to the airways. Overall, 30 (48%) patients had systemic disease with renal involvement at diagnosis. The median diagnosis delay was 2 (0.5-96) months. The diagnosis was supported by biopsy-proven vasculitis in 47 patients, where histological evidence of granulomatous inflammation was found in 45% of the biopsies (21 patients). Results from ANCA analysis were available for all patients, 78% of which were positive for PR3/c-ANCA and 16% for MPO/p-ANCA. The corresponding figures for the 30 patients with renal involvement were 90% and 6.6%. A total of 14 patients died during follow-up. The median time from diagnosis to death was 20.5 (2-110) months, and the median follow-up period was 75 (2-133) months. The 1-, 5-and 10-year survival for patients with WG was estimated to be 95, 83 and 65%, respectively (Fig. 2B) . In univariate analysis, patients with WG had significantly better chances of survival compared with those with MPA, but the difference was no longer statistically significant applying a multivariate analysis due to stronger effect of other factors for the prediction of survival (e.g. renal function and age).
MPA
Sixty-five patients (35 women) were classified as MPA, representing an annual incidence rate of 10.1/million inhabitants (95% CI 7.7, 12.6) ( system, 29 had manifestation in two, 25 in three and 5 in four or more organ systems. The median diagnosis delay was 1.5 (0-18) months. Fifty-three (82%) patients with MPA had histopathology confirmation of vasculitis (renal: 52 patients; skin: one patient). Results from ANCA analysis were available for all patients, 68% had positive MPO/p-ANCA and 29% had tested positive for PR3/c-ANCA. During follow-up, 29 patients died, the median time from diagnosis to death being 16 (1-95) months.
The median follow-up period was 45 (1-131) months. The 1-, 5-and 10-year survival for patients with MPA was estimated to be 80, 55 and 43%, respectively (Fig. 2B ).
CSS and PAN
Six patients were classified as CSS and the same number as PAN. The annual incidence rates for both diseases were 0.9/million (95% CI 0.2, 1.7). All CSS patients fulfilled the ACR criteria for that diagnosis, whereas the diagnosis of PAN was based on biopsy-proven fibrinoid necrosis involving medium-sized vessels in three patients and angiography findings in further three. The median diagnosis delay was 2.5 (0-12) months for CSS and 4 (0-13) months for PAN. MPO-ANCA was positive in two CSS patients, whereas, by definition, all PAN patients were ANCA negative. One patient in each disease category died during follow-up. Median follow-up time was 61.5 (25-98) months for CSS patients and 83.5 (4-115) months for PAN patients.
Discussion
This population-based study estimated the incidence and survival rates of WG, MPA, CSS and PAN in a well-defined stable population in South Sweden over a 10-year period, utilizing validated epidemiological tools for case retrieval [10] . In our previous prevalence study, capture-recapture analysis indicated that this method yields case completeness of well over 90%. The diagnosis of vasculitis was made in accordance with pre-defined criteria using clinical, serological, pathological and radiological data as described elsewhere [19] . In the present study, we found that the overall annual incidence rate of PSV was 21.8/million inhabitants. Our results are slightly higher than those reported from the UK and Spain, and almost twice as high as those from Germany [4, 6, 29] . A major part of this difference can be found in elderly patients. We found the highest incidence rate among patients 575 years of age, whereas other researchers have reported a decline after a peak at around the age of 60 years [4, 6] . Our figure of 117.4/million for men aged >75 years is substantially higher than, for instance, the 70/million reported by Watts et al. [4] . The reason for this discrepancy is not clear, but a possible explanation is that there is a high awareness about vasculitic diseases in our area, combined with good access to secondary and tertiary care for elderly people in Sweden. At our departments, ANCA has been part of the routine diagnostic workup for progressive renal insufficiency in all age groups for more than two decades, and most elderly patients in this study were found to have renal involvement. Organ biopsy was performed in 35 out of 42 patients aged >75 years at diagnosis.
Overall, the gender-specific incidence did not differ, although it was significantly higher in women in the 35-to 54-year age group and higher in men aged 575 years. In our study, the WG incidence rate of 9.8/million is somewhat lower than that of 12 recently reported in another Swedish study [9] , which may be due to methodological differences. Knight et al. [9] identified all patients with a discharge diagnosis of WG in the inpatients registry, and based on their previous studies, assumed a diagnosis validity of 89%. We found that only 60% of the patients who were assigned ICD codes for PSV in clinical registries had sufficient clinical and/or histopathology evidence to enable a valid diagnosis of vasculitic disease in accordance with the EMEA algorithm. In line with our results, a recently published study on the incidence of WG in Finland used the ICD codes for case identification and found that only 62% of identified cases fulfilled the ACR criteria and were eligible for inclusion in the study [11] . The incidence we find for WG is in the same range as the figure of 8/million found in Norway [5] and considerably higher than the 4.9/million in Spain [30] . This finding is in line with the north-south hypothesis put forward by Watts et al. [16] . In contrast, however, the incidence of MPA in our district is similar to that reported from Spain, a finding that clearly challenges this hypothesis. Naturally, the high MPA incidence might be due to an environmental factor. However, our study does not shed light on the role of any specific factors. Differences between geographical areas in the incidence of MPA have recently been demonstrated in a study from Australia, where a higher incidence was found in rural compared with urban areas [13] , which contrasts with previous findings from Germany and Spain [6, 31] . The geography of our area does not allow us to conduct a similar analysis to that reported in the Australian study. However, we were unable to find any differences in incidence rates between areas of high and low population density. We are convinced that the high incidence of MPA was not an effect of the EMEA algorithm, since the latter tends to classify borderline cases as WG rather than MPA. We are inclined to believe that differences in the diagnostic work-up of elderly patients with renal insufficiency are a major factor behind differences in incidence rates between different areas, making it difficult to identify other factors of importance. We did not find any tendency towards an increased incidence of PSV over time. Instead, the annual rate appeared to be constant, a finding that is supported by an earlier report from Germany [8] . These results are consistent with the notion that the higher incidence rates reported during the 1990s were a consequence of increased ANCA testing rather than changes in environmental factors related to aetiology.
We could not find any significant seasonal variation in the onset of vasculitis and previous studies on this subject have revealed divergent results. Mahr et al. [32] found that the incidence of WG seemed to be highest during the summer. Carruthers et al. [33] presented evidence for a higher incidence during the winter and a similar finding was revealed by Raynauld et al. [34] . In a hospital-based study from central Sweden, Tidman et al. [3] found that the onset of symptoms was only higher in winter for patients with positive cANCA, and when looking at diagnosis categories there was no seasonal variation. We believe that the data sources in our study are fairly reliable, since all information was registered in case records at the time of diagnosis, and in many patients the diagnostic delay was relatively short.
The present study indicates that the survival rate for PSV was reduced compared with that of the general Swedish population, with a 2.77-fold increase in mortality. Matteson et al. [35] and Westman et al. [36] presented similar results in studies on patients with WG and renal vasculitis. In absolute terms, our results of 1-and 5-year survival were similar to a recently published study from our area that included AASV with renal involvement [37] ; slightly better for MPA and WG than the results reported by Lane et al. [20] but worse than the 5-year survival of MPA reported by Guillevin et al. [38] . High age at diagnosis and high entry s-crea were the predictors of reduced survival in our patients. Similar results have been found in other studies [20, 24, 39, 40] . Previous reports indicated that the presence of ENT involvement was associated with better WG survival [24, 41] . When our analysis was confined to WG patients, the presence of ENT involvement had no significant impact on survival. In the present study, the mortality rate was twice as high for MPA as for WG. The better survival for WG patients explains why the prevalence of WG was twice that of MPA despite similar incidence rates [10] . However, logistic regression analysis indicates that the difference in survival rate can be largely explained by the variation in age and renal function. In conclusion, the overall incidence of and increased mortality due to PSV in our study is comparable with that reported from other European countries, with the exception of the relatively high incidence rate for MPA. We found no seasonal variation in onset of PSV. WG and MPA have the same incidence, but lower MPA survival leads to huge differences in their respective prevalence. The difference in survival rates can be explained by age and disease severity.
Rheumatology key messages
In Southern Sweden, the incidence of MPA is almost equal to that of WG. Age-specific incidence showed a clear increase with age (peak incidence in 575-year age group). Survival was significantly higher for WG compared with MPA.
